In lymph nodes (LNs), dendritic cells (DCs) are thought to dispose of apoptotic cells, a function pertaining to macrophages in other tissues. We found that a population of CX3CR1 + MERTK + cells located in the T cell zone of LNs, previously identified as DCs, are efferocytic macrophages. Lineage-tracing experiments and shield chimeras indicated that these T zone macrophages (TZM) are long-lived macrophages seeded in utero and slowly replaced by blood monocytes after birth. Imaging the LNs of mice in which TZM and DCs express different fluorescent proteins revealed that TZM-and not DCs-act as the only professional scavengers, clearing apoptotic cells in the LN T cell zone in a CX3CR1-dependent manner. Furthermore, similar to other macrophages, TZM appear inefficient in priming CD4 T cells. Thus, efferocytosis and T cell activation in the LN are uncoupled processes designated to macrophages and DCs, respectively, with implications to the maintenance of immune homeostasis.
In Brief
Dendritic cells (DCs) in the lymph node (LN) T cell zone are thought to be central to the clearance of apoptotic cells and T cell priming. Baratin et al. identify a population of LN macrophages that act as the sole professional scavengers in this area, suggesting that silent efferocytosis and T cell activation in the LN paracortex involve two different cell typesmacrophages and DCs, respectively.
INTRODUCTION
Macrophages contribute to tissue homeostasis through regulating metabolism, tissue remodeling, and repair. Pivotal to these functions is their ability to remove apoptotic cells in all tissues by a process called efferocytosis (Martin et al., 2014) . Several efferocytic receptors have been identified, and their deletion is linked to immune activation, inflammatory diseases, and autoimmunity. As an example, mice lacking the MERTK receptor that belongs to the TAM (Tyro-3, Axl, MerTK) tyrosine kinase receptor subfamily develop a lupus like syndrome following prolonged apoptotic cell accumulation in germinal centers (GC) (Rahman et al., 2010) . Efficient removal of apoptotic cells is thus critical to immune tolerance.
Lymph nodes (LN) are secondary lymphoid organs dispersed throughout the body. These organs are key sites of the immune response and host four populations of macrophages with unique and complementary functions (Gray and Cyster, 2012) . Macrophages located in the subcapsular sinus of the LN (SSM) sample capture and transfer the afferent lymphatic material to the underlying B cell follicles (Carrasco and Batista, 2007; Phan et al., 2007) . With their medullary sinus counterparts (MSM), SSM act as ''fly-paper,'' capable of capturing and retaining pathogens in a given LN and thus preventing systemic infections (Junt et al., 2007) . Tingible body macrophages (TBM) and medullary cord macrophages (MMM) emerge upon immunization. TBM are located in the GC and are responsible for the clearance of apoptotic GC B cells (Smith et al., 1998) . MMM populate the medullary cords and are thought to provide survival factors to the plasma cells that accumulate in these transient structures (Gray and Cyster, 2012) .
According to the current model, macrophages populate all the regions of the LN but not its T cell zone, a puzzling concept considering that many immune cells settle and die in this region. DCs are located in the T cell area of the LN and represent 3%-4% of its cellular content (Henri et al., 2001) . LN resident DCs are short-lived cells and are renewed within 2 weeks (Kamath et al., 2002) . Dermal DC and epidermal Langerhans cells (LCs) continuously migrate from the skin to the T cell zone of the proximal cutaneous LN where they eventually die (Villablanca and Mora, 2008) . DCs have been hypothesized to dispose of apoptotic cells while also being able to trigger T cell responses (Desch et al., 2011; Iyoda et al., 2002; Qiu et al., 2009) . In this scenario, upon inflammation, DCs would present apoptotic self-antigens to T cells, potentially leading to the priming of autoimmune responses.
The nomenclature and functions of macrophages and DC subsets appear to overlap, resulting in an intense debate surrounding the unambiguous definition of a macrophages and a DC (Guilliams and van de Laar, 2015) . We hypothesized that macrophages do occupy the T cell zone but that their presence was concealed by the presence of DC sharing overlapping markers. Guilliams and colleagues have proposed to classify the cells of the mononuclear phagocyte system by their ontogeny, location, function, and phenotype (Guilliams et al., 2014) . Here, we used these criteria to reveal the presence of a dense network of macrophages in the LN T cell zone. We found that these T cell zone macrophages (TZM) are long lived macrophages seeded in utero and slowly replaced by circulating monocytes after birth. In vivo, TZM but not DC acted as professional scavengers, capable of disposing of apoptotic T cells, DCs, and LCs without triggering T cell immunity. Thus, a subset of efferocytic macrophages is devoted to the removal of apoptotic cells in the LN T cell zone, one of the most efficient immune priming locations in mammals. Furthermore, our findings suggest that efferocytosis and immune activation in the LN are not solely performed by DC, but rather favor an alternative model in which these two processes are uncoupled and executed by two distinct cell types, namely TZM and DCs.
RESULTS

CX3CR1
hi CD64 + MERTK + Macrophages Form a Dense Network in the LN T Cell Zone CX3CR1 is a chemokine receptor widely expressed by myeloid cells (Jung et al., 2000) . To assess the presence of macrophages in the LN T cell zone, we first imaged LN sections of a mouse in which the gene encoding green fluorescent protein (GFP) was inserted into the cx3cr1 locus (Cx3cr1 gfp/+ ). We observed that bright GFP + (i.e., CX3CR1 hi ) cells formed an extensive network of stellate cells in the LN T cell zone ( Figure 1A ). We further stained LN sections for MERTK expression, a tyrosine kinase receptor expressed by macrophages and involved in efferocytosis . All the GFP hi cells present in the LN T cell zone were positive for MERTK and all MERTK + cells expressed GFP ( Figure 1A ). The number and density of these T Zone MERTK + CX3CR1 hi cells (TZMC) were not affected in the LN of CX3CR1 deficient (Cx3cr1 gfp/gfp ) mice, suggesting that CX3CR1 was not required for their development and maintenance (data not shown).
We next compared TZMC to the other subsets of LN macrophages. Unlike CX3CR1 À F4/80 + MSM and CX3CR1 + MERTK + SSM, TZMC were located in the LN T cell zone, did not express sialoadhesin (also known as siglec-1 or CD169) and were not depleted by subcutaneous (s.c.) injection of clodronate-loaded liposomes, a toxic compound routinely used to delete macrophages ( Figure 1B and S1A) (Chow et al., 2011; Gray and Cyster, 2012) . Taking advantage of these distinct phenotypic and functional properties, we further characterized TZMC by confocal imaging and flow cytometry using a dedicated protocol ( Figure 1C , S1B and S1C). We determined that TZMC expressed integrin aM (CD11b), Fcg Receptor I (CD64), SIRP-a (CD172a), and MHCII. They also expressed integrin ax (CD11c) to a level that allowed their targeting in Cd11c Cre/+ Rosa lsl-rfp/+ reporter mice, a strain in which Cre-mediated excision of a floxed stop codon leads to the constitutive expression of red fluorescent protein (RFP) in CD11c expressing cells and their progeny ( Figure 1D ) (Gautier et al., 2009 ). As CD11c is expressed by DC and macrophages (Probst et al., 2005) , we took advantage of two recent mouse strains in which DC, but not macrophages, are genetically labeled. Zbtb46 (BTBD4) is a transcription factor that is selectively expressed in classical DCs (cDCs) and their committed progenitors (Meredith et al., 2012; Robbins et al., 2008; Satpathy et al., 2012) . Confocal imaging and flow cytometry analysis of Zbtb46 gfp/+ LN indicated that CD8a DC and CD11b DC expressed high amounts of GFP while TZMC were uniformly GFP lo ( Figure 1D and S1D). CLEC9A (also known as DNGR-1) marks progenitors with DC-restricted potential (Schraml et al., 2013) . We generated Clec9a
Cre/+ Rosa lsl-rfp/+ Cx3cr1 gfp/+ mice and analyzed their LN by confocal microscopy and flow cytometry. TZMC were uniformly negative for RFP expression, indicating that they did not originate from CLEC9A + progenitors ( Figure 1D and S1D). On the contrary, all CD8a DC and a fraction of CD11b DC expressed RFP, but neither MERTK nor GFP. We also imaged the LN of FLT3-L deficient mice, an essential regulator of homeostatic DC development, and observed a drastic reduction of CD11c + MERTK À DC without any effect on CD11c + MERTK + TZMC ( Figure S1E ) (Waskow et al., 2008) . To further investigate the lineage identity of TZMC, we analyzed their transcriptome and compared it to the one of brain macrophages (microglia), Red pulp macrophages (RPM), CD11b DCs, and CD8a DCs (see STAR Methods). We examined the overall proximity between the gene-expression profiles of these different subsets of mononuclear phagocyte subsets, based on 5,534 unique genes selected as differentially expressed across cell types within the ImmGen dataset ( Figure S2 ). TZMC clustered with RPM and microglia whereas DC subsets clustered together, confirming that TZMC resemble more well-known subsets of macrophages than cDCs. We examined the expression pattern of previously described core macrophages versus DC gene signatures (Carpentier et al., 2016; Gautier et al., 2012; Miller et al., 2012; Vu Manh and Dalod, 2016) . Macrophages and DC genes were reciprocally enriched selectively in TZMC, microglia, and RPM versus spleen (SP) and LN cDCs (for both the CD8a and CD11b DC subsets) ( Figure 1E and Figure S2 ). Not surprisingly, CD11b DC and TZMC shared expression of a restricted set of genes including Clec10a, Emb, Cd4, Cd22, Ehf, Lyz1, Cadm3 , and Pdcd1lg2 encoding PD-L2 ( Figure S2 ). Altogether, these data demonstrated that TZMC is a population of macrophages that is uniformly distributed in the T cell zone of the LN. As a result, we named these cells T cell zone macrophages (TZM).
TZM Derive from Bone-Marrow-Derived Monocytes that Colonize LN after Birth DCs derive from bone-marrow (BM) progenitors and are endowed with a short lifespan (Kamath et al., 2002) . On the contrary, tissue-resident macrophages are long lived cells that have multiple origins (Perdiguero and Geissmann, 2016) . Macrophages can originate from yolk sac derived primitive macrophages, fetal liver monocytes, or postnatal BM-derived monocytes (Hoeffel and Ginhoux, 2015) . We investigated the origin and homeostatic renewal mechanisms of TZM. To explore the contribution of embryonic progenitors to the TZM pool, we used Cx3cr1 CreER mice in which Cre recombinase is fused to a mutant estrogen ligand-binding domain that requires the presence of the estrogen antagonist tamoxifen for activity (CreER) (Yona et al., 2013) . Pregnant Cx3cr1
CreER Rosa lsl-rfp/+ mice were pulsed with tamoxifen at day 13 of gestation to irreversibly induce RFP expression by CX3CR1 expressing cells in their embryo, including embryonic monocytes and macrophages present at that age ( Figure 2A , left panel). In neonate and 4-week-old mice, we determined that microglial cells were lineage traced (40%-60%) while TZM were poorly ($5% neonate) or not (adult) labeled, suggesting that TZM originated from an embryonic wave of myeloid precursors and were rapidly replaced after birth ( Figure 2A , middle panel). LN development is initiated around E12$E14 but its maturation and growth only takes place after birth, when multiple waves of T and B cells colonize the LN (Bajé noff and Germain, 2009). We thus investigated the possibility that TZM mostly arose from postnatal BM derived monocytes. Cx3cr1 gfp/+ neonates were shield irradiated and reconstituted with monocyte depleted BM cells isolated from Cx3cr1 gfp/+ crossed to Ubiquitin tdTomato (tdT), Ubc tdt mice ( Figure 2B , left panel). This strategy allows the engraftment of tdT + congenic donor hematopoietic stem cells (HSC) in irradiated bones without exposing LN located in the upper part of the mice to radiation. In these mice, host-derived monocytes and TZM should express GFP while BM-derived monocytes and TZM should coexpress GFP and tdT, allowing their discrimination by flow cytometry and imaging. Full irradiation of mouse neonates induced a 80% replacement of heart macrophages 8 days later but such replacement was nearly absent in shield irradiated mice (Figures S3A and S3B and Molawi et al., 2014) , confirming that lead efficiently protected the organs from radiations. We next evaluated the percentage of donor monocytes, microglial cells, and TZM located in shielded LN one month after BM transfer. We found that BM derived cells gave rise to monocytes and TZM in similar proportions but failed to generate microglial cells, suggesting that BM-derived monocytes colonized the postnatal LN and differentiated in TZM ( Figure 2B , middle panel). Similar experiments in which CCR2-proficient and CCR2-deficient BM cells were co-injected into shield irradiated neonates formally demonstrated the precursor-product relationship linking monocytes to TZM (Figures S3E and S3F) . Altogether these data demonstrated that TZM are long lived macrophages seeded in utero and replaced by monocytes after birth.
Adult TZM Are Long Lived Macrophages that Are Slowly Replaced by BM Derived Monocytes
The homeostasis of adult tissue macrophages relies on different, non-mutually exclusive mechanisms. Adult microglia and LCs are long lived cells that self-maintain independently of BM input while heart and gut macrophages are progressively replaced during postnatal development by monocyte-derived macrophages, even in the absence of inflammation (Bain et al., 2014; Ginhoux et al., 2010; Hoeffel et al., 2012; Merad et al., 2002; Molawi et al., 2014) . Here, we investigated the cellular dynamics of TZM in adulthood. Adult Cx3cr1 gfp/+ mice were shield irradiated and reconstituted with Cx3cr1 gfp/+ Ubc tdt BM cells. The contribution of donor cells to blood monocytes, microglia, and TZM were determined 1, 2, and 6 months later in shielded LN. While the percentage of donor monocytes reached a plateau 1 month after irradiation, these monocytes did not give rise to microglia at any time point ( Figure 2B , right panel, Figures S3C and S3D ). On the contrary, the contribution of donor monocytes to the TZM pool increased over time. At 1 month, 21% of monocytes and 1.3% of TZM were of donor origin. The percentage of donor-derived TZM increased over time and reached 17% at 6 months. Taking into account the monocyte chimerism by that time (27%), we calculated that $60% of TZM were replaced by BM derived cells within 6 months. Similar experiments in which CCR2 proficient and CCR2 deficient BM cells were co-injected into shield irradiated adult mice supported the conclusion that adult TZM depended on monocytes for their slow renewal (Figures S3E and S3G) . As a complementary experimental approach, we analyzed the persistence of TZM by genetic lineage tracing. Because TZM expressed high amounts of CX3CR1, we put Cx3cr1
CreER/gfp Rosa lsl-rfp/+ mice on tamoxifen diet for 1 month to label them.
Mice were returned to normal diet and analyzed 1, 2, and 6 months later. As HSC do not express CX3CR1, all short lived CX3CR1 + RFP + cells labeled during the tamoxifen treatment should rapidly be replaced by HSC-derived RFP À cells. On the contrary, long lived CX3CR1 + RFP + cells should be slowly diluted over time (Figure 2A, left panel) . At 1 month, we found that short lived monocytes and LN DC were fully replaced by non-recombined cells (Figure 2A, right panel) . As expected, the fraction of labeled microglia remained stable over time, confirming that long lived brain macrophages are not replaced by BM-derived cells. In agreement with the results obtained in shield irradiated mice, we observed that TZM were slowly replaced with time (Figure 2A, right panel) . We concluded from these two experiments that adult TZM are long-lived macrophages slowly replenished by BM derived monocytes.
Inflammation Induces TZM Proliferation LN are unique organs that enlarge up to 10-fold in few days during an immune response. We investigated the behavior of TZM in inflamed LN and sought to determine whether additional TZM would arise from the proliferation of local TZM and/or the recruitment of blood monocytes. To this aim, we took advantage of our multicolor fate mapping mouse model dubbed « Ubow » (Ghigo et al., 2013 were replaced by unrecombined tdT + monocytes, mice were immunized in their footpads with complete Freund adjuvant (CFA). Draining and non-draining LN were harvested 7 days later and analyzed by confocal microscopy. CFP and YFP expressing TZM were homogenously distributed in the T cell zone of nondraining LN, but associated in foci in the enlarged draining LN (Figures 3A and 3B and 3C) . Next, we used adult shield irradiated recipients similar to the ones mentioned in Figure 2B to investigate the contribution of blood monocytes to the TZM pool of inflamed LN. Blood circulating monocytes did not significantly contribute to the TZM pool of inflamed LN ( Figure 3D ). These results suggested that upon inflammation, resident TZM locally proliferate to accompany the enlargement of the LN T cell zone.
TZM Act as Professional Efferocytes
We next investigated the biological function of TZM. Confocal imaging of steady-state Cx3cr1 gfp/+ LN revealed that 80% of TZM contained large, efferocytic vacuoles containing DNA and staining positive for active caspase 3 and TUNEL labeling (Figures 4A-4C ). As expected, many efferocytic genes such as MertK, Timd4, Axl, or Tgm2 were enriched in TZM compared to CD8a DCs ( Figure 4D ). We thus tested the efferocytic function of TZM in multiple models. First, control and apoptotic irradiated T cells were labeled with different dyes and co-injected in Cx3cr1 gfp/+ mice. We reasoned that transferred T cells would rapidly home to the LN and die within the T cell zone, hence allowing us to identify the local efferocytes. The ability of TZM to capture apoptotic T cells was evaluated at different time points. Within one day, apoptotic-but not control-T cells were efficiently removed from the LN and found in the efferocytic vacuoles of TZM ( Figure 4E these data suggested that TZM dispose of naive and activated apoptotic T cells. Dermal DCs and LCs continuously migrate from the skin to the T cell zone of cutaneous LN where they die after few days (MartIn-Fontecha et al., 2003) . We investigated whether TZM were also able to remove senescent DCs and LCs. As a first approach, fluorescent splenic DCs were injected in the footpads of Cx3cr1 gfp/+ mice. As previously reported, injected DCs migrated to the T cell zone of the draining LNs and began to disappear 72 hr later ( Figure 4F ) (MartIn-Fontecha et al., 2003) . At that time, live DCs displayed typical dendritic shapes while round, small apoptotic DCs appeared within efferocytic TZM vacuoles ( Figure 4F ). We then assessed the ability of TZM to engulf senescent LCs using Figure 4G ). We concluded that TZM act as professional efferocytic cells able to dispose of various apoptotic cells in the LN T cell zone.
TZM, but Not CD8a DCs, Are the Major Efferocytic Cells of the LN T Cell Zone
DCs have been reported to capture and present antigens from apoptotic cells (Desch et al., 2011; Iyoda et al., 2002; Qiu et al., 2009 Figure 1D and S1D) and adoptively transferred fluorescent apoptotic T cells in these mice. Twelve hours later, peripheral LN were harvested and the location of engulfed T cells assessed by confocal imaging. As shown in Figure 4H , 98% of the engulfed apoptotic T cells were captured by TZM while only 2% of dying T cells were present in DCs. In order to assess the capacity of other innate cells to capture apoptotic cells, Cx3cr1 gfp/+ recipients were shield irradiated and reconstituted with the BM of RAG-2 deficient Ubc tdt mice. In the protected LN of these mice, TZM should express GFP while a fraction of all their innate cells should express tdT, including all DC subsets. Reconstituted mice were injected with fluorescent apoptotic T cells and 12 hr later, we imaged the efferocytic cells that had engulfed apoptotic T cells (GFP + MERTK + = TZM, tdT + MertK À = all other innate cells). Confocal data indicated that all apoptotic cells were captured by TZM ( Figure S4B ). We concluded from these results that TZM are the most potent efferocytic cells of the T cell zone.
The CX3CR1-CX3CL1 Axis Is Involved in TZM Efferocytosis
Clearance of apoptotic cells is a multi-step process that is initiated when macrophages sense ''find me'' signals released from apoptotic cells such as lysophosphatidylcholine, sphingosine-1-phosphate, the nucleotides ATP and UTP and fractalkine (CX3CL1), the ligand of CX3CR1 (Ravichandran, 2011) . CX3CL1 is rapidly released from the surface of lymphocytes after induction of apoptosis (Truman et al., 2008 We observed that CX3CR1 proficient and deficient TZM were randomly scattered throughout the T cell zone and present at an equal ratio, confirming that CX3CR1 deficiency did not affect the development and survival of TZM (not shown). We then counted the number of apoptotic T cells engulfed by CX3CR1 proficient and deficient TZM and determined that $21% of CX3CR1 deficient and $36% of CX3CR1 sufficient TZM captured apoptotic cells ( Figure 4I ), suggesting that the CX3CL1-CX3CR1 axis contributes to TZM efferocytosis.
TZM Express Molecules Involved in T Cell Activation but
Neither Prime nor Tolerize CD4 Naive T Cells As TZM express MHC II molecules ( Figure 1C ), we hypothesized that they might present antigens from engulfed apoptotic cells to CD4 T cells in a tolerogenic or activating context. Flow cytometry analyses showed that TZM expressed the co-stimulatory molecules CD40, CD80, and CD86 at steady state (Figure 5A) . Interestingly, our transcriptomic analysis revealed that TZM, compared to other macrophages, also expressed many potent anti-inflammatory genes, including Bpifa2, Pla2g2d, and IL22Ra2 ( Figure S5 ). To directly assess their priming and tolerogenic potential, TZM were pulsed with OT-II OVA peptide and cultured for 3 days with naive OT-II cells labeled with Cell Trace Violet (CTV), whose proliferation was subsequently tracked by flow cytometry. DC efficiently induced OT-II T cell proliferation while TZM did not ( Figure 5B ), hence demonstrating that TZM were unable to prime naive T cells. We next assessed the ability of TZM to tolerize CD4 T cells, to convert them into regulatory T cells (Treg) or to affect their effector functions ( Figure 5C ). OT-II peptide coated TZM were co-cultured with naive OT-II cells for 24 hr. Then, OT-II peptide coated DCs were added to the wells. Three days later, proliferation of OT-II cells was evaluated by CTV dilution, Treg conversion by Foxp3 expression and T cell cytokine secretion by intracellular staining of TNF-a, IL-4, IFN-g, and IL-10 ( Figure 5C ). We determined that TZM were unable (1) to prevent DC-induced OT-II proliferation, (2) to induce Treg conversion, and (3) to alter the profile of T cell-secreted cytokines. Altogether these data showed that TZM are unable to affect DC-dependent T cell activation and effector functions.
DISCUSSION
Whereas some studies have reported the presence of cells expressing macrophages markers such as CD68 + (Qi et al., 2014) or MOMA-2 + (Kraal et al., 1987) in the LN paracortex, the nature and function of these cells remained elusive, probably due of technical issues limiting the analyses of these populations. Immune cells are traditionally analyzed by flow cytometry performed on cell suspensions obtained from enzymatically digested organs. We observed that TZM were difficult to extract from LNs, and a combination of mouse models, flow cytometry, and imaging techniques were required to discriminate these cells from DCs. CD11c + MHCII + cells have been appreciated in the LN T cell zone for many years, but they were categorized as DCs. As a result, CD11c dtr and CD11c Cre mice were (and are still) used to genetically manipulate DCs in vivo. However, many studies have reported that some macrophages also express CD11c and are genetically targeted in these transgenic mice (Chow et al., 2011; Murray and Wynn, 2011) . We found that TZM were also tagged in CD11c Cre Rosa lsl-rfp/+ mice, emphasizing the need to carefully reconsider the functions previously attributed to DCs using these models and consider the possibility that some of them are in fact mediated by TZM. Using various fate-mapping approaches and shield-irradiated chimeras, we found that TZM originate from an initial wave of embryonic myeloid progenitors followed by the recruitment of circulating monocytes that colonize the LN after birth. Tissue-resident macrophages predominantly derive from yolk sac macrophages and/or fetal liver monocytes. However, unlike most organs, LN formation occurs quite late during mouse development ($E12-E14) and the typical segregation of the LN into functionally and anatomically distinct zones only takes place after birth (Mebius, 2003) . Therefore, yolk sac macrophages and fetal liver monocytes might contribute poorly to the seeding of the developing LN, explaining their low contribution to the TZM pool. In line with its late developmental onset and substantial restructuring in the neonatal period, our results favor a model in which the LN is first seeded by few embryonic myeloid progenitors and then colonized by BM derived monocytes that differentiate into TZM post-natally, when ab T and B cells seed the LN and induce its maturation.
At steady state, tissue-resident macrophages rely on different mechanisms to maintain their numbers. Some macrophages such as brain microglia and epidermal LCs are self-renewing cells that do not rely on BM input. Other macrophages subsets are slowly but continuously renewed by BM derived monocytes. Monocyte contribution ranges from minor (liver) or small (heart) to predominant (gut lamina propria and dermis) (Guilliams et al., 2016; Molawi et al., 2014) . During adulthood, we determined that 6 months were required to renew $60% of the TZM pool by circulating monocytes. Therefore, TZM replacement appears to be a slow process at steady state. Resident macrophages also have the potential to proliferate in order to replenish themselves. LCs and peritoneal macrophages multiply to preserve their number during skin inflammation or helminth infection, respectively (Chorro et al., 2009; Jenkins et al., 2011) . We determined that TZM were also endowed with such proliferative potential, which appears to be the predominant mechanism upon inflammation, when the LN T cell zone rapidly enlarges to accommodate the immune response.
Regarding their function, transcriptome analysis indicated that TZM were likely involved in the clearance of apoptotic cells, as they expressed efferocytic genes such as Mertk, Axl, Tgm2, and Itgb5. Indeed, imaging revealed that TZM contain large DNA-containing vacuoles in their cytosol. These observations led us to investigate the efferocytic potential of TZM and DCs in situ. Using various models in which TZM can be distinguished from DCs, we determined that most of the phagocytic activity occurring in the T cell zone can be attributed to TZM. This suggests that TZM are equipped with efferocytic receptors to sense unknown early ''death'' signals that DCs are unable to perceive, candidates for which are the ones encoded by the genes mentioned above.
Tethering and engulfment by phagocytes are preceded by the release of find-me signals from apoptotic cells. CX3CL1, a potent chemoattractant for CX3CR1 expressing cells, is rapidly released from apoptotic lymphocytes (Truman et al., 2008) . The CX3CL1-CX3CR1 axis has also been shown to promote survival of kidney and arterial macrophages (Ensan et al., 2016; Lionakis et al., 2013) . Although TZM density and turnover were not affected in CX3CR1 deficient mice, we demonstrated that CX3CR1 deficient TZM were partially impaired in their ability to capture apoptotic cells. These results are consistent with a model in which TZM use CX3CL1 to locate and/or capture the apoptotic cells releasing it.
Failure in efferocytosis has been shown to promote autoimmunity due to the inappropriate accumulation of cellular components or exposure of sequestered intracellular moieties. For example, MERTK-deficiency impairs the ability of TBM to dispose of apoptotic B cells in GC, leading to autoantibody production (Baumann et al., 2002; Rahman et al., 2010) . DCs are endowed with a short half-life and blocking apoptosis in these cells leads to spontaneous T cell activation together with the development of systemic autoimmunity (Chen et al., 2006) . In order to maintain immune homeostasis, senescent DCs and apoptotic T cells need to be removed silently, without triggering an immune or an inflammatory response. Efferocytosis performed by macrophages is often accompanied by the release of anti-inflammatory mediators (Divangahi, 2015) . Interestingly, among the genes that we identified as being differentially expressed by TZM, the genes encoding phospholipase A2 group IID (PLA2G2D) and Parotid Secretory Protein (PSP, also known as Bpifa2) were among the most highly expressed. PLA2G2D is an enzyme involved in the production of lipid mediators and has recently been shown to display pro-resolving functions (Miki et al., 2013) . PSP is a secretory protein that binds to lipopolysaccharide (LPS) and contains anti-inflammatory peptides. Resolution of inflammation in the skin of PLA2G2D-deficient mice is compromised in a model of hapteninduced contact dermatitis, and PSP-deficient males suffer from intestinal inflammation (Abdolhosseini et al., 2012; Geetha et al., 2003) . This suggests that TZM efferocytosis could be linked to the establishment of an anti-inflammatory microenvironment necessary for the silent disposal of apoptotic cells. We hypothesized that in absence of TZM, apoptotic OVA-expressing T cells would now be engulfed by DCs that could trigger the proliferation of adoptively transferred OT-II T cells. Assessing the functional relevance of TZM in vivo requires a dedicated genetic model that is not available yet. Therefore, we attempted to delete TZM in vivo using state-of-the-art pan macrophages deletion models, i.e., Cx3cr1
CreER 3 Rosa dtr ,
Cx3cr1
Cre 3 Cx3cr1 lox-STOP-lox-dtr , and Itgam dtr mice. Unfortunately, diphtheria toxin (DTX) administration in these models did not allow efficient ablation of TZM, resulting in important variation between mice, but also between individual LNs within individual mice. Imaging revealed that residual TZM that escaped deletion harbored multiple efferocytic vacuoles while TZM in control animals generally displayed only one or two vacuoles. These results suggest that the remaining TZM in DTX treated mice were able to compensate for the loss of their counterparts (data not shown). This could explain why we did not observe differences in OT-II T cell proliferation in control versus DTX treated mice upon injection of irradiated OVA-expressing T cells, regardless of the numbers of injected cells (data not shown).
In addition, concluding on the function of one macrophages subset using such models is inherently difficult, owing to the plethora of trophic functions exerted by macrophages throughout the body (Pollard, 2009; Wynn and Vannella, 2016) . Deletion of non-TZM macrophages in LN, but also in other organs, could indirectly affect T cell activation in LN. As an example, Mebius et al. suggested that SSM deletion might decrease lymphocyte trafficking across LN high endothelial venules, thereby affecting the magnitude of the T cell response (Mebius et al., 1991) . Finally, while a TZM specific ablation model would be necessary to investigate the biological relevance of TZM efferocytic function in vivo, it would still present some caveats. We observed that TZM were intimately associated with the fibroblastic reticular cell (FRC) meshwork of the T cell zone (Figure S6 ), suggesting a crosstalk between these two cell types. Because macrophages are known to be potent modulators of fibroblast functions, we assessed the ability of TZM to regulate FRC survival in vitro and compare it to the one of DC known to modulate FRC proliferation (Dasoveanu et al., 2016; Kumar et al., 2015) . TZM, DCs, and FRC were isolated from LN and co-cultured for 6 days. As indicated in Figure S6 , FRC co-cultured with DCs were twice as numerous as FRC alone and 10-fold more when co-cultured with TZM. This suggests that TZM are potent modulator of FRC biology at least in vitro. FRC provide survival signals and guidance cues to lymphocytes and their deletion leads to LN cellular paucity in vivo (Cremasco et al., 2014; Novkovic et al., 2016) . Considering the pivotal role of FRC in regulating LN homeostasis, we anticipate that TZM deletion might impair the biology of FRC and thus, indirectly, LN function. In this scenario, T cell responses in absence of TZM could be affected in many different ways, and only refined genetic tools would allow assessing the respective contribution of the trophic and efferocytic functions of TZM.
The current dogma proposes that DCs handle the removal of apoptotic cells as well as the priming of T cell activation. According to this model, DCs would constantly engulf apoptotic cells and present their associated self-antigens complexed to MHC molecules on their surface. Upon inflammation, auto-reactive T cells that escaped central and peripheral tolerance would then be able to sense the presence of their cognate self-antigen peptides on stimulated DC, hence potentially leading to their activation and the initiation of an auto-immune response. Our data support an alternative model that uncouples efferocytosis from T cell priming by attributing these key processes to two distinct cell types.
STAR+METHODS
Detailed methods are provided in the online version of this paper and include the following: 
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QUANTIFICATION AND STATISTICAL ANALYSIS Quantification of TZM Clustering
Quantification and statistical analysis of the spatial distribution of TZM were performed using the ClusterQuant software previously described in detail in (Ghigo et al., 2013) . The different TZM classes (CFP, YFP and CFP/YFP) were defined using the Region-of-Interest plugin (ROI manager) of ClusterQuant/CognitionMaster and the respective cells were labeled manually to obtain the cell center coordinate information for the subsequent processing step: the second module computed the two-dimensional Voronoi mesh based on the manually labeled cell centers. The resulting tesselation established the neighborhood relationships between the cells, which was used to evaluate the number of cells (of the same type) assembled in clusters and the respective cluster sizes. While this step provided a robust and objective mean of cell cluster quantification, it did not yet allow for an assessment of the (non-) randomness of the spatial cell distribution and cluster formation. To achieve this, in the final step, we used Monte Carlo simulations based on the cell numbers present in the corresponding experimental image data. In the 10,000 simulation runs we performed for each experimental dataset, the same numbers of cells as in the real images were randomly distributed over the same image areas and for each simulation run, the spatial statistics (Voronoi mesh, neighborhood, cell cluster features) were computed in same way as for the experimentally obtained images. After all simulation runs were completed, we compared the results of the spatial statistics of the real and simulated data. The ratio between the number of simulations in which the average cluster size was larger than in the real data and the total number of Monte Carlo simulations (here: 10,000) yielded the p values indicating the probability that an experimentally observed cluster formation may as well have been achieved by random cell distribution.
Statistical Analysis
Statistical parameters including the exact value of n with the description of what n represents, the mean, the SEM and the p value are reported in the Figures and the Figure Legends . p values were calculated with the Mann-Whitney test using Graph pad prism 6 software. In figures, asterisks stand for: *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001).
DATA AND SOFTWARE AVAILABILITY
The microarray data have been deposited in the NCBI Gene Expression Omnibus under accession number GEO: GSE93592.
